Abstract
Introduction
Tissue engineering attempts to generate new living tissues through the use of engineering principles and biological sciences [1] . There are many different techniques and methodologies used to generate these new tissues (Fig. 1) , which have progressed beyond contemporary structural design. Traditionally, when constructing a building, the process begins with the designer using a protractor, straight edge and compass to produce a sketch that will be translated to computer aided design (CAD) [2] . Although the number of patients affected is smaller, those awaiting liver transplant had a death rate of 8.3% in 1999 [3] . Similarly, patients awaiting a heart transplant have a 6-month mortality rate of 24-70% [4] . Facial reconstruction, though less life threatening, represents a cornerstone that interfaces cosmetic and reconstructive surgery to restore both functionality and aesthetic properties important to one's quality of life [5] .
Regardless [6] , producing a bone-cartilage composite shaped as a mandibular joint [7] , generation of a distal phalanx for thumb reconstruction [8] and anatomically shaped menisci for the knee [9] . In these cases, geometry was generated from moulds taken from the intended tissue. These initial studies, although very important, are unlikely to be implemented on a wide scale for generating patient specific geometry on a case by case basis. An obvious solution would be using medical imaging to obtain the necessary information on the patient's specific anatomical needs. This article will present a brief review of the current methods used to replicate the complex tissues in the body. In the case of the heart valve, MRI and CT both require contrast agents to visualize the inner workings of the heart and have similar image resolutions. Due to the high radiation exposure needed to perform a CT scan of the heart and the high expense associated with MRI usage, echocardiography (cardiac ultrasound) is becoming a more widely used non-invasive method to obtain 3D geometric models of mitral valves [13, 14] . However, to maximize resolution, the valve can still be excised, soaked in a contrast agent and scanned via CT. [12] .
Imaging techniques

Fabrication techniques
Generating anatomically shaped engineered tissues does not require medical images. As mentioned earlier, many early TE efforts to generate anatomically shaped constructs used impression moulds [6, 7, [15] [16] [17] [18] [17] . More complicated geometries were also achieved, such as a human ear using a synthetic nonwoven mesh composed of PGA [6] . The PGA mesh was moulded into desired geometries through the use of plaster prosthetic mould, cells were then later seeded onto PGA scaffolds and allowed to culture subcutaneously in nude mice [6, 17] .
Similarly, bone TE requires scaffolds with a high rigidity that emulates the physical properties of native bone. The processes involved in bone scaffold formation are often unfavourable for cell viability and therefore seeding of these constructs occurred after they were constructed. One such study successfully TE phalanges and small joints through the use of PGA and PLA [16] .
The seeding of acelluar scaffolds has also been applied to engineered cardiovascular tissue such as blood vessels and heart valves. In one promising study, PCL was electro-spun into the shape of a trileaflet valve using a custom designed aluminium template modelled after native tissue before being seeded with cardiac cells for in vitro culture [19] .
Although [15] .
Uniform cell distribution becomes more critical when generating injection moulds of larger constructs, such as the mandible for craniofacial reconstruction [15, 18] or the meniscus of the knee [9] . Seeding the scaffold while it is liquid enhances homogeneity of cell distribution upon initial construct formation. CAD-based injection moulds have been used to design a wide array of geometries from very small volume structures such as tympanic membrane patches (3 l) [20] , and engineered heart valves (~1 ml) [21] , to larger sized tissues such as the meniscus (2-5 ml) [9] . The resolution for injection moulding has been reported to be 600 m [22] . [24, 25] [24, 25] .
Injection moulding techniques, although not optimal for multimaterial constructs, can be altered to generate more complex tissues. A prime example is the production of an anatomically shaped osteochondral construct based on stereophotogrammetry data via injection moulding [23]. Patellar shaped composites were made possible through computer numerical control (CNC) milling of demarrowed bone blocks that fit into a mould allowing for injection of cell seeded agarose resulting in partially integrated bone plugs [23]. Another composite injection moulding study by Mizuno et al. produced both a multi-material and multi-cellular TE intervertebral disc
One of the most recent advances in generating patient specific implants via injection moulding were achieved using alginate and meniscal fibrochondrocytes from bovine knees [9] .
The geometry was obtained using both MRI and CT scans of sheep knees and used to produce CAD moulds that were 3D printed out of acrylonitrile butadiene styrene (ABS) plastic. Alginate-cell solution was cross-linked with CaSO4 and cultured for up to 8 weeks in vitro.
Anatomical shape was retained and constructs had both mechanical and biochemical properties similar to that of native tissues [9] ( Fig. 2A) Fig. 2 (A [26] (Fig. 2B) . [8] , 3D printing brushite implants [27] and a cranial segment [28] [30] . The composite structure exhibited region specific mechanical properties and integration between the two biomaterials making it suitable for implantation [30] . Therics Table 2) . Rapid prototyping has also been used in the fabrication of 3D hepatic tissues with complex internal microstructure. Constructs were generated using both multi-cell and multi-material as means to improve nutrient transport [33] . [34] and combined these SFF techniques with lithography methods to generate 3D microorgans [35] . The microorgans had vascular networks serving as pharmacokinetic models and were able to replicate consistent prints with 250 m resolution [35] (Table 2 ).
. Future efforts are now focusing on stimulating extracellular matrix (ECM) production as well as evaluation of geometric fidelity based on imaging type and time in culture.
Rapid prototyping
Rapid prototyping has many different variations (Table 2). The basis for this technique is to produce usable scaffolds in a short
Most bone TE methods involve seeding of acellular constructs or insertion of acellular implants with the expectation of cellular ingrowth in vivo. Some successful studies include the use of porous coral in the shape of a distal phalanx seeded with periosteal cells for thumb reconstruction
Cell printing efforts by Chang et al. have evaluated cell viability of HepG2 cells based on dispensing pressure and nozzle diameter with calcium cross-linked alginate
Lithography
The transport of solutes and removal of waste products is a large concern in TE, especially when trying to engineer large volume tissues or engineering organs like the liver. In the body this solute transport is accomplished primarily by the vascular system, which is effectively a network of perfused micro channels. Traditionally, engineered scaffolds have relied on the host to provide vascularization [36] . Lithography techniques have been applied to tissue engineering to produce predefined vasculature. Preliminary studies using a polydimethylsiroxane (PDMS) substrate established the efficacy of this technique using both hepatocytes and endothelial cells [36] . Other biomaterials used in lithography TE efforts include polyvinyl alcohol (PVA) with fibroblasts [37] , PCL and PLG with vascular smooth muscle cells [38] , PEG with osteoblasts [39] and embryonic stem cells [40] , matrigel with epithelial [41] cells and fibroblasts [42] , as well as collagen and agarose with fibroblasts [42] . Other work done by Khademhosseini et [46] (Fig. 2C) [47] , hydroxyapatite (HA) [47] , TCP [48] and PLG [49] . Studies have shown improved osteoblast cell growth throughout the sintered matrix [49] .
Other works done with PLG and its application to cartilage tissue engineering have shown its ability to be used as a mouldable scaffold [50] capable of cellular proliferation and infiltration in vivo [51] (Fig. 2D) [52] [53] [54] or heart halve [55, 56] [57] and CT [58] have been used to look at GAG concentration in cartilage, CT to look at bone density and trabecular architecture [59] , second harmonic generation microscopy to look at collagen fibre orientation [60] and density [61] The idea of in vitro conditioning is becoming more and more popular not only for engineered tissues such as tendon [62] , heart valve [63] , bone [64] and cartilage [65] , but for cadaveric explants as well [65, 66] 
